INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION
Random Amplified Polymorphic DNA is one of the DNA-based molecular techniques in which DNA is amplified by the polymerase chain reaction using single arbitrary decanucleotide primers. It has been widely used for genetic mapping, taxonomic and phylogenetic studies of many organisms [1, 2, 3, 4, 5] . Recently, it has also been found to be applicable in estimating structural alterations in plant DNA after different genotoxical treatments and in assessing clonal integrity of tissue culture products [6, 7] .
Abstract. Random Amplified Polymorphic DNA (RAPD) was utilized to analyze the genetic material of six Pandanus species and four varieties. DNA was amplified using 60 arbitrary decamer primers with 60-70% GC content. Of the 60 primers, 12 produced multibanded fingerprints for the ten Pandanus spp. A total of 457 fragments was amplified, 31% of which were polymorphic, and whose sizes ranged from 204 -2344 base pairs. The genus Pandanus commonly referred to as "Pandans" are mostly tropical trees or shrubs, although they may be found in subtropical countries. They are known to exhibit a wide range of medical uses such as cure for headache and fever, as diuretic, antispasmodic, and anti-inflammatory [8] . Its most popular species is P. amaryllifolius because the leaves' aroma is used to flavor foods, including ice cream and salads. Chemical analysis of some of the species reveals the presence of esters, 2-acetyl-1-pyrroline, and several novel alkaloids with the unique C9-N-C9 backbone in P. amaryllifolius [9] . Fatty acids, b-sitosterol [10] , and isoprene-related essential oils have been studied in P. [17] . DNA fingerprinting, on the other hand, is not influenced by the environment and is thus a more reliable technique [18] . This study assesses the extent of genetic diversity and determines the phylogenetic relationships among six Pandanus species and four varieties by RAPD analysis.
EXPERIMENT EXPERIMENT EXPERIMENT EXPERIMENT EXPERIMENTAL AL AL AL AL
Plant Materials. Six different species and four varieties of the genus Pandanus were taken from various collection sites (Table 1) . For plants collected at the University of Santo Tomas (UST), four to six cm young leaves were cut from each plant, kept in ice, and brought to the laboratory for DNA extraction. For plants taken from other sites, the above procedure was also followed and, in addition, small immature plants were brought to the laboratory and DNA extraction was done the following day. A botanist identified the Pandanus species/varieties on site. All samples were identified and authenticated at the National Museum, Manila.
DNA Extraction. Total DNA was extracted from fresh young leaves of Pandanus spp. following the miniscale DNA isolation method of Zheng and co-workers [19] as previously described [20] . Table 2 . Nucleotide sequences of the random primers used ture selected was 35°C because this was the temperature at which amplification bands were reliably produced using most primers. PCR reactions were performed using Promega 2X PCR Master Mix. A 25mL reaction mixture was prepared by mixing 12.5mL master mix, 1mL 100 mM primer, 15-20ng/ mL DNA template and made up to volume with nuclease-free water. The mixture was then overlaid with 5mL of paraffin oil.
RAPD
Amplifications were carried out in a Techne Genius thermocycler under the following conditions [18] : 45 cycles at 94°C for 1 min, 35°C for 1 min, and 72°C for 2 min. This was followed by a final extension of 7 min at 72°C and subsequent cooling to 4°C.
The amplification products were separated by electrophoresis in 1.4% agarose gels in 1X Tris-Acetate-EDTA (TAE) buffer at 80V, stained with ethidium bromide, and documented under UV light with Polaroid photography. Sizes of amplified fragments were estimated by comparison with 1-Kb DNA ladder (Gibco). Twelve primers, which gave distinguishing DNA fingerprints for the different samples, were chosen for further tests.
Scoring of RAPDs and Construction of Dendrograms.
For each of the twelve primers which differentiated the ten Pandanus spp., amplifications were done at least 3 times, and only those fragments amplified reproducibly were included in the analysis. The resulting band patterns were scored visually.
A binary matrix, (1) for presence of a RAPD band and (0) for absence, was generated for each genotype. Similarity coefficients were subjected to cluster analysis based on unweighted pair-group method with arithmetic averages (UPGMA) and dendrograms showing how individual plants clustered were produced using NTSYSpc software [21] .
To determine the strength of the grouping generated by cluster analysis, bootstrapping was performed with 1000 replications using WINBOOT computer program [22] .
After optimizing the annealing conditions, 60 primers were tested for amplification and polymorphism using one DNA sample from each of the ten species/varieties. From these, 12 produced multibanded fingerprints for the ten Pandanus samples. The characteristic fragments generated by the array of 12 primers are summarized in Table 2 while RAPD patterns obtained are shown in Figures 1,2 All the markers were scored by the presence or absence of specific amplification products and the data were used to calculate values of genetic distance and similarity coefficient between all the samples studied (Table 3) using NTSYSpc [21] . Similarity coefficient, which runs from zero (different in all criteria) to one (identical), is calculated based on positive matches (RAPD markers present in both individuals) and mismatches (marker present in one individual and absent in the other). Genetic distance, on the other hand, represents dissimilarity matrix.
Similarity coefficients were subjected to cluster analysis using unweighted pair-group method with arithmetic averages (UPGMA), and dendrograms were constructed with these values. Figure 4 illustrates the dendrogram where Pandanus spp. were resolved into three clusters. Cluster I consisted of P. tectorius, P. sanderi, P. amaryllifolius 'variegatus', P. tectorius 'veitchii', and P. dubius. This cluster showed 0.32 similarity with cluster II which grouped P. luzonensis and P. dubius showed the largest genetic distance (2.731) and smallest similarity (0.062). Therefore, the analysis of genetic distance and similarities revealed that P. Figure 4 . Dendrogram derived from UPGMA analysis using similarity coefficients of RAPD based markers (NTSYSpc Rohlf, 2000) . Numbers on the nodes indicate the number of times a particular branch was recorded per 1000 bootstrap replications (Yap and Nelson, 1996) . The abscissa is the genetic similarity coefficient (simple matching).
